SUMMARY Culture of peroral biopsy specimens from duodenal mucosa in vitro for 22 hours using a basic culture medium resulted in the formation of crypt cell nodules. The addition of collagen and serotonin to the culture medium increased the occurrence of the nodules and, invariably, their size. The nodules were situated on the pericryptal basement membrane and contained cells that resembled columnar cells, goblet cells, and endocrine cells. The overall nodular structure suggested that they had been formed by the stimulation of stem cell division at the crypt base, but the factors responsible for this have not as yet been identified. The growth of these nodules may offer opportunities for studying stem cell division and differentiation in small intestinal mucosa in man.
Peroral biopsy specimens from the duodenum were cultured in vitro for 22 hours in this laboratory, using a basic culture medium and the addition of serotonin (5-hydroxytryptamine, 5-HT) and acid soluble rat tail collagen. Serotonin was added because it accelerates the turnover of crypt cells in the rat small intestine,1 and collagen has been widely used as a substrate for cell growth and differentiation in tissue culture experiments.2 The structure of the nodules was investigated by light and electron microscopy, and possible causes for their formation in duodenal organ cultures were suggested.
Material and methods

SMALL INTESTINAL BIOPSY
Peroral mucosal biopsies were obtained from the third or fourth part of the duodenum from 24 adults and three children (age range 1 year 4 months to 92 years) who were being routinely investigated for dyspepsia or failure to thrive, respectively. Biopsies were performed on the adults using a fibreoptic endoscope with biopsy forceps (Olympus GIF IT) and on the children using a Watson paediatric biopsy capsule. Specimens were received into cold Leibowitz L-15 medium and were taken immediately to the laboratory, where they were flattened serosal surface downwards, using aseptic techniques. The specimens were then divided, and samples for routine histopathology Accepted for publication 15 August 1985 were immediately fixed in either 10% buffered formalin or acetified formol sublimate. ORGAN 
CULTURE
Specimens of duodenal tissue from each patient were placed serosal surface downwards on a stainless steel grid platform positioned at one end of a well in a Lux rectangular culture dish (Flow Laboratories) . Two different culture media were used during the study. The first was the basic medium, comprising 6 ml of Trowell's T-8 medium, 2 ml of (National Collection of Type Cultures) 135 medium, 15 ml of 309 fetal calf serum (GIBCO), 0-2 ml of L-glutamine (200 mM), 0 05 ml of penicillin and streptomycin (5000 U of each), 0 025 ml of proprietary and 0-1 ml of HEPES (1M). The second culture medium consisted of 10 ml of the basic medium with the following additions: 10 mg of serotonin creatinine sulphate complex (Sigma), after which the medium was resterilised by millipore filtration and cooled to 4°C, and 0-1 ml of a 0-5% rat tail collagen solution (Sigma Type VII) in 17-5 mM glacial acetic acid, which was made up and shaken with the culture medium to prevent the formation of gel. Sufficient tissue was available from 14 of the 27 patients for parallel organ culture experiments to be performed, using both types of culture medium. Of the remaining 13 patients single organ cultures were performed using only the second culture medium. In all experiments the culture medium was warmed to 37°C, and 2 5 ml was placed in each culture dish. The dish was then covered with a lid (slightly raised to enable gassing to take place) and Growth of crypt cell nodules in duodenal mucosa in man during organ culture in vitro placed in a controlled atmosphere chamber (Bellco Glass Inc), which contained a dish of sterile water to maintain humidity. The chamber was sealed, placed on a rocking apparatus within a 37°C incubator, and rocked at 4 rpm in an atmosphere of 95% oxygen and 5% carbon dioxide, to enable the underside of the tissue to be alternately exposed to the gas phase and the medium. The duodenal explants were cultured for 22 hours before they were removed and fixed in acetified formol sublimate followed by routine embedding on edge in Paraplast Plus. All specimens were then sectioned at 4 pm and stained with haematoxylin and eosin and diastase periodic acid Schiff. ELECTRON 
MICROSCOPY
Specimens of organ culture for electron microscopy were bisected and immediately fixed in 3% glutaraldehyde in cacodylate buffer and subsequently fixed in osmium tetroxide. After dehydration specimens were embedded flat, serosal surface downwards, in EPON 812 and polymerised at 70°C. Sections were cut perpendicular to the mucosal surface at 2 pm, stained with toluidine blue, and examined by light microscopy. Areas of tissue that contained crypt cell nodules were identified and ultrathin sections were cut and stained with uranyl acetate and lead citrate before being examined by electron microscopy.
Results
Histological sections of duodenal mucosa obtained from all the patients before organ culture had a normal morphological appearance by light microscopy. After organ culture the histological appearances were characterised by a decrease in the height of some villi, a mantle of cellular debris and mucin on the mucosal surface, good preservation of the villous epithelial cells,3 and the presence of crypt cell nodules in some sections (Fig. 1) . In addition, a monolayer of flattened or cuboidal epithelial cells was occasionally present, which originated from the luminal epithelium at the lateral cut edge of the section and extended below the muscularis mucosae ("epiboly"). Structures like cysts lined with epithelial cells, bifurcating crypts, and necrosing crypts were also occasionally observed.
In the parallel organ culture experiments performed on tissue from 14 patients using the two different media crypt cell nodules were observed by light microscopy in tissue cultured only in the basic medium from four patients and cultured in the basic medium from eight patients with added collagen and serotonin. In culture experiments on tissue from the remaining 13 patients using the basic medium with added collagen and serotonin nodules were present in eight patients, including the three children. Thus nodules were present in tissue specimens from 16 (59%) of the patients cultured in the basic medium with added collagen and serotonin and from four (29%) of 14 of the same 27 patients cultured only in the basic medium.
When nodules were present in sections of tissue cultured in medium containing collagen and serotonin they varied in size, shape, and number, and while some were tall, protruding through the crypt neck, '.
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group.bmj.com on June 18, 2017 -Published by http://jcp.bmj.com/ Downloaded from Growth of crypt cell nodules in duodenal mucosa in man during organ culture in vitro others were small and sometimes seemed to be surrounded by the crypt wall. Nodules occurring in samples cultured in the basic medium, however, were small in size and few in number and tended to occur near the edges of the specimen. When serial sections of the nodules were taken and camera lucida drawings of them made they were all shown to occur in a crypt that opened into the gut lumen, and their varied appearances in some sections were due to differences in tissue orientation or to the depth of sectioning. Nodules were usually found in specimens with a thin muscularis mucosae and with very little underlying connective tissue. When greater amounts of underlying connective tissue were present the nodules tended to occur in the lateral parts of the explant. A detailed study of the structure of the nodules by both light and electron microscopy showed that they were closely associated with the pericryptal basement membrane (Fig. 2) . In none of the sections examined, however, did the basement membrane extend into any nodule. A complex arrangement of undifferentiated cytoplasm and interdigitating cell membranes containing desmosomes was usually present at the base of the nodule, attached to the basement membrane (Fig.  3 ). Elongated and polygonal shaped cells were also present at the base of the nodule, containing large oval nuclei and one or more prominent nucleoli, several of which were eosinophilic, reticulated, and sometimes marginated (Fig. 4) . Many of these cells were undifferentiated and closely resembled the undifferentiated columnar cells found at the base of normal crypts, which are widely regarded as stem cells.45 The cytoplasm of these cells was full of free ribosomes and polyribosomes with a few mitochondria, and some cells contained tonofilaments. At the lateral part of the base of the nodules adjoining the crypt the epithelial cells were often flat and cuboidal with microvilli on their surfaces and were closely associated with the pericryptal basement membrane (Fig. 5) . The height of these cells increased further up the crypt until typical columnar cells were observed at the crypt neck (Fig. 2) . In the central core of the nodules were cells with more organelles such as mitochondria, Golgi bodies, and rough endoplasmic reticulum. All these cells were closely packed together and their cell membranes were interdigitated (Fig. 6 ). Some cells within the nodule contained mucous granules within their cytoplasm and endocrine like cells were also present with cytoplasm containing many characteristic granules (Fig. 7) .
The proportion of more differentiated to undifferentiated cells varied between the nodules. Most cells on the surface were more differentiated than those at the base and resembled immature columnar cells or false stratified columnar cells in the smaller nodules (Fig. 8) Growth of crypt cell nodules in duodenal mucosa in man during organ culture in vitro was often vacuolated, and the microvilli were often short and irregular, with long branching root corelets. Sometimes a goblet like cell (Fig. 9) (Fig. 9) .
Discussion
The finding of nodules in the crypts of cultured duodenal explants in man has not, to the best of our knowledge, been described previously. The 
